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AMENDMENTS TO THE CLAIMS 

The following listing of claims replaces all prior versions of the claims and any prior 
listing of the claims in the present application. In the following listing, Claim 17 is canceled 
herein without prejudice, and Claims 2 and 3 were previously canceled. Claims 5, 8, 13, 16, 18- 
20 and 22 are amended herein. Claims 1, 4, 6, 7, 9-12, 14, 15, 21 and 23-26 remain as originally 
filed or as previously amended. ..... ' : " - 

Claim 1 (Previously Amended): A semiconductor device comprising a substrate, a land formed 
on the substrate, a semiconductor chip mounted on the land, a solder layer only through which 
the semiconductor chip is joined with the land, and a synthetic resin covering the land, the solder 
layer and the semiconductor chip on the substrate, a coefficient of expansion of the synthetic 
resin being generally less than a coefficient of expansion of the substrate or a coefficient of 
expansion of the land. 

Claim 2 (Previously Canceled) 

Claim 3 (Previously Canceled) 

Claim 4 (Previously Amended): A semiconductor device comprising a substrate, the substrate 
comprising aluminum, a land formed on the substrate, a semiconductor chip mounted on the 
land, a solder layer only through which the semiconductor chip is joined with the land, and a 
synthetic resin covering the land, the solder layer and the semiconductor chip on the substrate, a 
coefficient of expansion of the synthetic resin being generally less than a coefficient of expansion 
of aluminum. 

Claim 5 (Currently Amended): The semiconductor device as set forth in Claim 4, wherein the 
coefficient of the linear expansion of the synthetic resin is generally less than approximately 
23 ppm/°K. 

Claim 6 (Previously Amended): The semiconductor device as set forth in Claim 4, wherein the 
land comprises copper. 
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Claim 7 (Previously Amended): The semiconductor device as set forth in Claim 4, wherein the 
synthetic resin includes epoxide. 

Claim 8 (Currently Amended): A semiconductor device comprising a substrate, a land formed 
on the substrate, a semiconductor chip mounted on the land, a solder layer only through which 
the semiconductor chip is joined with the land, and a synthetic resin covering that covers the 
land, the solder layer and the semiconductor chip on the substrate, a coefficient of e xpansion of 
the synthetic resin having a coefficient of expansion, the coefficient of expansion of the synthetic 
resin being generally less than a larger one of a coefficient of expansion of the substrate and a 
coefficient of expansion of the land, and the coefficient of expansion of the resin being generally 
greater than the other a smaller one of the coefficient of expansion of the substrate and the 
coefficient of expansion of the land. 

Claim 9 (As Originally Filed): The semiconductor as set forth in Claim 8, wherein the 
coefficient of expansion of the synthetic resin is less than the coefficient of expansion of the 
substrate and is greater than the coefficient of expansion of the land. 

Claim 10 (As Originally Filed): The semiconductor as set forth in Claim 8, wherein the 
coefficient of expansion of the synthetic resin is less than the coefficient of expansion of the land 
and is greater than the coefficient of expansion of the substrate. 

Claim 11 (As Originally Filed): The semiconductor as set forth in Claim 8, wherein the 
substrate comprises aluminum. 

Claim 12 (As Originally Filed): The semiconductor device as set forth in Claim 1 1, wherein the 
coefficient of the expansion of the synthetic resin is generally less than a coefficient of expansion 
of aluminum. 

Claim 13 (Currently Amended): The semiconductor device as set forth in Claim 1, wherein the 
semiconductor chip defines at least two corners positioned generally opposite to each other, the 
land has an outer boundary that defines at least two corn e rs corner portions in proximity to the 
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corners of the semiconductor chip, the outer boundary further defines contiguous portions 
extending next to the corner portions and spaced apart from the semiconductor chip more than 
the corner portions, and the corn e rs corner portions of the land generally confine the corners of 
the semiconductor chip therein. 

Claim 14 (As Originally Filed): The semiconductor device as set forth in Claim 1, wherein the 
semiconductor chip controls electric power. 

Claim 15 (As Originally Filed): The semiconductor device as set forth in Claim 14, wherein the 
semiconductor chip controls power of an electric motor arranged to drive an electric vehicle. 

Claim 16 (Currently Amended): A semiconductor device comprising a substrate, a land formed 
on the substrate, a semiconductor chip mounted on the land, a solder layer joining the 
semiconductor chip with the land, the semiconductor chip defining at least two corners 
positioned generally opposite to each other, the land having an outer boundary defining at least 
two corners corner portions disposed in proximity to the corners of the semiconductor chip, the 
outer boundary further defining contiguous portions extending next to the corner portions and 
spaced apart from the semiconductor chip more than the corner portions, the corn e rs corner 
portions of the land generally confining the corners of the semiconductor chip therein. 

Claim 17 (Currently Canceled) 

Claim 18 (Currently Amended): The semiconductor device as set forth in Claim 16, wherein the 
semiconductor chip is generally configured as a rectangular shape having at least one diagonal 
line , and the corners of the semiconductor chip are positioned on a the diagonal line of the 
r e ctangular shape. 

Claim 19 (Currently Amended): The semiconductor device as set forth in Claim 18, wherein the 
semiconductor chip defines four corners, and the land defines four corner s corner portions 
corresponding to the corners of the semiconductor chip. 
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Claim 20 (Currently Amended): The semiconductor device as set forth in Claim 18, wherein the 
semiconductor chip is generally configured as a rectangular shape, and wherein at least a length 
of a shorter side of the rectangular shape is longer than approximately 2.5 millimeters. 

Claim 21 (Currently Amended): The semiconductor device as set forth in Claim 16, wherein the 
land is generally configured as a rectangular shape except for the corn e rs corner portions . 

Claim 22 (Currently Amended): The semiconductor device as set forth in Claim 16, wherein the 
land is generally configured as a round shape except for the corners corner portions . 

Claim 23 (As Originally Filed): The semiconductor as set forth in Claim 16, wherein an area of 
the land is larger than an area of the semiconductor chip, and the area of the land generally 
shrinks toward the comers of the semiconductor chip. 

Claim 24 (As Originally Filed): The semiconductor as set forth in Claim 16, wherein an area of 
the land is larger than an area of the semiconductor chip, and the area of the land generally 
expands from the corners of the semiconductor chip. 

Claim 25 (As Originally Filed): The semiconductor device as set forth in Claim 16, wherein the 
semiconductor chip controls electric power. 

Claim 26 (As Originally Filed): The semiconductor device as set forth in Claim 16, wherein the 
semiconductor chip is joined with the land in a reflow soldering method. 

Claims 27-32 (Previously Canceled) 



FY.17451US0A PATENT 
SEMICONDUCTOR DEVICE FOR POWER CONTROL 
Priority Information 

[0001] This application is based on and claims priority to Japanese Patent Application 
No. 2000-379567, filed December 14, 2000, Japanese Patent Application No. 2000- 
379569, filed December 14, 2000, and Japanese Patent Application No. 2001-052498, 
filed February 27, 2001, the entire contents of which are hereby expressly incorporated 
herein by reference. 

Background of the Invention 

Field of the Invention 

[0002] The present invention relates to a semiconductor device and, more 
particularly, relates to an improved semiconductor device for power control in which a 
semiconductor chip is mounted on a substrate. 

Description of Related Art 

[0003] Semiconductor devices are utilized in wide variety of technical areas. For 
instance, a motor controller for an electrically operated vehicle such as, for example, an 
electric golf cart, includes a semiconductor device for power control of a motor that 
drives the golf cart. Typically, the semiconductor device that controls electric power is 
provided with one or more semiconductor chips that allow a relatively large current to 
flow therethrough. Because of the nature of power controlling semiconductor chips, the 
device can build much heat therein and needs a heat radiation structure. Thus, the 
semiconductor chips normally are placed on metallic heat spreaders that are mounted on 
metallic lands, which are formed on a metallic substrate, to expedite radiation of the heat. 
The heat spreaders are soldered onto the lands. The semiconductor chips are soldered 
onto the heat spreaders. Meanwhile, since a vehicle (for example, a golf cart) typically is 
used outdoors, the semiconductor device is exposed to a wet or dusty environment that 
can cause malfunctions of the device. In order to prevent the malfunctions from 
occurring, synthetic resin can be employed to entirely cover the semiconductor chips 
together with the lands. 



[0004] FIGURES 1 and 2 schematically illustrate typical structures of a 
semiconductor device 10. A base metal 20 is coated with dielectric or insulating 22 to 
form a metallic substrate 24. Patterns of metallic lands 26 are formed on an upper surface 
of the substrate 24. Semiconductor chips 28 are joined to the metallic lands 26 via heat 
spreaders 30. More specifically, the semiconductor chips 28 are soldered onto the heat 
spreaders 30 with a solder layer 32 that has a relatively high melting point, and the heat 
spreaders 30 are then soldered onto the lands 26 with another solder layer 34 that has a 
relatively low melting point. Bonding wire pads 36 also are formed on the substrate 24 
and are connected with the respective semiconductor chips 28 through bonding wires 38. 
After completion of the soldering and bonding processes, a synthetic resin 40 covers all 
the elements on the substrate 24. 

[0005] FIGURE 1 shows an example of the semiconductor device 10 that uses 
silicone gel for the synthetic resin 40. Because the viscosity of the silicone gel is 
relatively small, side walls 42 are applied to prevent the silicone gel from spilling before 
hardening. FIGURE 2 shows another example of the semiconductor device 10 that uses 
epoxide. No side walls are necessary in this example because the epoxide has sufficient 
viscosity to stay on the substrate 24. 

[0006] The heat spreaders 30 not only expedite radiation of the heat accumulating in 
the semiconductor chips 28 but also relieve the heat stress caused by disparity between 
the respective coefficients of the semiconductor chips 28 and the substrate 24. That is, 
the heat spreaders 30 cause the difference between the thermal expansion (or contraction) 
magnitude of the semiconductor chips 28 and the substrate 24 to be small. Accordingly, 
cracks of the solder layers 32, 34 or the semiconductor chips 28 and peeling of the 
semiconductor chips 28 from the solder layers 32, 34 are effectively prevented. 
[0007] The usage of the heat spreaders 30, however, increases the number of parts, 
makes the semiconductor devices complicated and bulky, and increases the number of 
manufacturing processes. In addition, because the heat spreaders 30 are larger than the 
semiconductor chips 28, the lands 26 are inevitably large and require relatively wide 
spaces for them. Thus, the packaging density of the semiconductor chips 28 on the 
substrate 24 is diminished. A large casing that occupies a large area and has a large 
capacity may be necessary to accommodate the semiconductor chip 28. 
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[0008] A need therefore exists for an improved semiconductor device that has 
sufficient packaging density to make the device compact enough. 

[0009] As thus far described, the soldering process is necessary for fixing the 
semiconductor chips onto the substrate. Several tools can be applied to hold the 
semiconductor chips in accurate positions, or each semiconductor chip can be soldered 
one by one for the same purpose. Both methods, however, need a number of steps and 
increase production cost accordingly. 

[0010] Another need thus exists for an improved semiconductor device that can hold 
high accuracy of positioning of semiconductor chips without requiring expensive 
production cost. 

Summary of the Invention 

[0011] In accordance with one aspect of the present invention, a semiconductor 
device comprises a substrate. A land is formed on the substrate. A semiconductor chip is 
mounted on the land. A solder layer is provided only through which the semiconductor 
chip is joined with the land. A synthetic resin covers the land, the solder layer and the 
semiconductor chip on the substrate. 

[0012] In accordance with another aspect of the present invention, a semiconductor 
device comprises a substrate. A land is formed on the substrate. A semiconductor chip is 
mounted on the land. A solder layer joins the semiconductor chip with the land. The 
semiconductor chip defines at least two corners positioned generally opposite to each 
other. The land defines at least two corners disposed in proximity to the corners of the 
semiconductor chip. The corners of the land generally confine the corners of the 
semiconductor chip therein. 

[0013] In accordance with a further aspect of the present invention, a method for 
joining a semiconductor chip to a substrate comprises forming a land on the substrate, 
soldering the semiconductor chip directly to the land, and covering the land and the 
semiconductor chip with a synthetic resin. 

Brief Description of the Drawings 

[0014] These and other features, aspects and advantages of the present invention will 
now be described with reference to the drawings of preferred embodiments which are 
intended to illustrate and not to limit the invention. The drawings comprise 26 figures. 




[0015] As noted above, FIGURES 1 and 2 illustrate schematic views of conventional 
semiconductor devices. The figures are provided in order to assist in understanding the 
conventional arrangements and for comparison with the aspects, features and advantages 
associated with the present invention. 

[0016] FIGURE 3 is a circuit diagram of a motor controller for an electric golf cart 
that includes a semiconductor device configured in accordance with a preferred 
embodiment of the present invention. 

[0017] FIGURE 4 is a plan view of the semiconductor device. 

[0018] FIGURE 5 is a front elevational view of the semiconductor device. 

[0019] FIGURE 6 is a top plan view of the motor controller without a casing. 

[0020] FIGURE 7 is a front elevational view of the motor controller without a casing. 

[0021] FIGURE 8 is a side view of the motor controller without a casing viewed from 
a location on the right hand side. 

[0022] FIGURE 9 is a plan view of a terminal bar for the motor controller. 

[0023] FIGURE 10 is a front elevational view of the terminal bar. 

[0024] FIGURE 1 1 is a plan view of the motor controller with a casing. 

[0025] FIGURE 12 is a front elevational view of the motor controller with the casing. 

[0026] FIGURE 13 is side view of the motor controller with the casing viewed from a 
location on the right hand side. 

[0027] FIGURE 14 is a schematic front view of the semiconductor device that 
corresponds to the semiconductor device of FIGURE 5. 

[0028] FIGURE 15 is a schematic, partial top plan view of the semiconductor device 
that has a land pattern configured in accordance with a preferred arrangement of the 
present invention. 

[0029] FIGURE 16 is a schematic, partial top plan view of the semiconductor device 
that has a modified land pattern. 

[0030] FIGURE 17 is a schematic, partial top plan view of the semiconductor device 
that has a further modified land pattern. 
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[0031] FIGURE 18 is a schematic, partial top plan view of the semiconductor device 
that has a still further modified land pattern. 

[0032] FIGURE 19 is a schematic, partial side view of the semiconductor device 
viewed from the line 19-19 of FIGURE 15. 

[0033] FIGURE 20 is a flow chart showing production processes of the 
semiconductor device illustrated in FIGURES 15-19. 

[0034] FIGURE 21 is a flow chart illustrating other production processes of the 
semiconductor device. 

[0035] FIGURE 22 is a flow chart illustrating further production processes of the 
semiconductor device. 

[0036] FIGURE 23 is a schematic top plan view of the semiconductor device with a 
mounting tool used for practicing the production processes shown in FIGURE 22. 

[0037] FIGURE 24 is a schematic front elevational view of the semiconductor device 
of FIGURE 23 with the tool. 

[0038] FIGURE 25 is an enlarged sectional view of the semiconductor device of 
FIGURE 23 with the tool. 

[0039] FIGURE 26 is a top plan view of the semiconductor device of FIGURE 23 
without the tool. 

Detailed Description of the Preferred Embodiments 

[0040] An overall construction of a motor controller 50 for an electric is described 
below with reference to FIGURES 3-13. The motor controller 50 includes a 
semiconductor device 52 configured in accordance with certain features, aspects and 
advantages of the present invention. The electric vehicle can be, for example, an electric 
golf cart, and the motor controller 50 can be an apparatus for controlling electric power 
supplied to a DC motor 54 of the golf cart. The motor controller 50, however, merely 
exemplifies one of apparatuses that can employ the semiconductor device 52. The golf 
cart also is only an example. The semiconductor device can be applied to other 
apparatuses and machines including other electrically powered vehicles, and can be used 
for other purposes in addition to power control. The apparatuses, machines, vehicles and 



purposes may be readily recognized along the spirit and scope of the invention, as defined 
by the appended claims. 

[0041] With reference to FIGURE 3, the motor controller 50, which includes the 
semiconductor device 52, is connected with the DC motor 54, a battery 58 and a speed 
control circuit 60 to supply electric power to the motor 54 from the battery 58 under 
control of the speed control circuit 60. More specifically, the motor controller 50 is a 
chopper type, DC motor power control apparatus. The battery 58 is coupled with a pair 
of terminal bars 62A, 62B of the motor controller 50. A smoothing capacitor 64 is 
disposed between the terminal bars 62A, 62B and is electrically connected in parallel with 
the battery 58 to reduce voltage ripples. 

[0042] The semiconductor device 52 preferably comprises three field effect 
transistors (FETs) 66 and three diodes 68. The drains D of the respective FETs 66 are 
connected with a first terminal of the motor 54 so that the FETs 66 are arranged in 
parallel to each other in the circuit. The cathodes K of the respective diodes 68 are 
connected to a second terminal of the motor 54. The anodes A of the diodes 68 are 
connected to the respective drains D of the FETs 66 and to the first terminal of the motor 
54. Thus, the diodes 68 are arranged in parallel to each other. 

[0043] An output terminal of the speed control circuit 60 is connected to respective 
gates of the FETs 66. The operator of the golf cart can change voltage levels of the speed 
control circuit 60 by operating a control mechanism such as, for example, an accelerator 
pedal. The speed control circuit 60 controls the rotational speed or torque of the motor 
54. 

[0044] The FETs 66 are selectively turned on by the voltage level from the speed 
control circuit 60. Duty ratios, (i.e., duty cycles) of the FETs 66 are altered to control 
current that flows through the motor 54. Meanwhile, when one or more FETs 66 are 
turned off, the current circulates through the associated diodes 68. By contiguous 
alteration of the duty ratios of the FETs 66 under control of the speed control circuit 60, 
the rotational speed of the motor 54 can be smoothly changed. 

[0045] As shown in FIGURES 4 and 5, the illustrated semiconductor device 52 
includes a printed wiring board 72. As used in the following description, the printed 
wiring board 72 may also be referred to as a metallic substrate or a substrate unless 
indicated otherwise or otherwise readily apparent from the context. The substrate 72 
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preferably is made of aluminum and has a rectangular shape. The FETs 66 and the diodes 
68 are soldered onto the metallic substrate 72. Preferably, an insulating layer is formed 
on the substrate 72 by a surface treatment process prior to the soldering process. A circuit 
pattern is printed on the surface of the board 72. The FETs 66 and the diodes 68 are 
arranged in compliance with the pattern. A plurality of bonding wire pads 76 also are 
formed on the substrate 72. The FETs 66 and the diodes 68 are connected to the wire 
pads 76 by bonding wires 78. The FETs 66, the diodes 68, the wire pads 76 and the 
bonding wires 78 are covered with a synthetic resin 80 such as, for example, epoxide. 
Additionally, a plurality of pin connectors 82, which are connected with the respective 
FETs 66, extend upwardly from the printed wiring board or substrate 72. The printed 
wiring board 72 defines four openings 84 at four corners thereof. 

[0046] As shown in FIGURES 6-8, a circuit board 88 is mounted on the printed 
wiring board 72. The circuit board 88 is approximately half the size of the printed wiring 
board 72. The circuit board 88 defines apertures 90 in which the pin connectors 82 are 
fitted. The pin connectors 82 and one or more spacers 92 support the circuit board 88 on 
the printed wiring board 72. The pin connectors 82 can be connected with the speed 
control circuit 60. The terminal bars 62A, 62B are affixed to the printed wiring board 72 
by rivets 94 via insulators (not shown) and extend upwardly from the printed wiring 
board 72 next to the circuit board 88. 

[0047] As shown in FIGURES 9 and 10, the terminal bar 62 A, for example, 
preferably comprises copper plate and is shaped generally as an S-configuration. The 
terminal bar 62A comprises a bottom horizontal section 96A, a vertical section 98A and a 
top horizontal section 100A. The bottom section 96A preferably defines two apertures 
102 A. The printed wiring board 72 also defines two apertures 103 A (FIGURE 5) 
corresponding to the apertures 102 A of the bar 62 A. The rivets 94 pass through the 
apertures to couple the bottom section 96A with the printed wiring board 72. The vertical 

section 98 A defines an aperture 104A. The top section 100 A defines an aperture 105 A. 

s 

The terminal bar 62B preferably comprises the same material, is shaped in substantially 
the same configuration, and has similar apertures. Since the terminal bar 62B is similar to 
the terminal bar 62A except for^its size and except for the positions of the apertures, the 
same reference numerals are assigned to corresponding portions of the terminal bar 62B 
but with the letter B. Because the^sizes of the respective terminal bars 62 A, 62B and the 

\ 
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positions of the apertures 104A, 104B, 105A, 105B are shown in FIGURES 6-8, further 
descriptions about tfte sizes and the positions are not deemed necessary. Note that the 
bottom apertures (notNshown) of the terminal bar 62B are positioned to match the 
apertures 103B in FIGUR^ 5. 

[0048] me capacitor 64 has a pair of terminals 106 that are disposed on the same side 
and are formed with threaded holes. Two bolts 108 are fitted into the apertures 104 A, 
104B of the respective terminal bars 62 A, 62B and are further fitted into the threaded 
holes of the terminals 106. Thus, the vertical sections 98 A, 98B of the terminal bars 62 A, 
62B together support the capacitor 64. A pair of power cables can be connected with the 
respective apertures 105 A, 105B to couple the terminal bars 62A, 62B with the battery 
58. * 

[0049] Another terminal bar 62C, which is similar to the terminal bars 62A, 62B, is 
affixed to the printed wiring board 72 below the circuit board 88. Although the terminal 
bar 62C only\has a nominal vertical section and no aperture is provided in the vertical 
section, the same reference numerals are assigned to the corresponding portions but with 
the letter C. Note that the bottom apertures (not shown) of the terminal bar 62C are 
positioned to match the aperture 103C in FIGURE 5. The terminal bar 62C is connected 
with the drains D\of the FETs 66. A power cable can be connected with the aperture 
105C to couple the terminal bar 62C with the motor 54. 

[0050] Although not shown in FIGURES 6-8, the speed control circuit 60 
(FIGURE 3) can be disposed on the circuit board 88. The speed control circuit 60 is 
connected to a potentiometer that is provided at the control mechanism through plurality 
of signal lines 112, which are tied together by a tubular member 1 14. 
[0051] As shown in FIGURES 11-13, a protective casing 120 encloses the motor 
controller 50. The casing 120 preferably is made of aluminum and is configured 
generally as a rectangular parallelepiped tubular shape except for one top corner portion. 
Although any method can be used to produce the casing 120, either an extrusion molding 
process or a die-cast molding process is the most suitable method. 

[0052] The entire body of the controller 50, except for the terminal bars 62 A, 62B, 
62C and the tubular member 114, is accommodated within the casing 120. A bottom 
portion 122 of the casing 120 has openings corresponding to the openings 84 of the 
printed wiring board 72. The printed wiring board 72 thus is affixed to the bottom 
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portion 122 by rivets through the openings. The bottom portion 122 has flanges 124 that 
extend along both lateral sides. The flanges 124 also define openings 126 through which 
bolts can pass to mount the casing onto an appropriate location of the golf cart. Top and 
lateral surfaces of the casing 120 form a plurality of grooves (or projections) 128 
extending in parallel to each other and along the flanges 124. The grooves (or 
projections) 128 advantageously increase the surface area of the casing 120 to expedite 
radiation of heat from the casing 120. Within the casing 120, the space that is not 
occupied by the motor controller 50 is filled with synthetic resin. Although the synthetic 
resin 130 can be the same as the synthetic resin 80, a lower grade resin than the resin 80 
(FIGURES 4 and 5) can be sufficient enough to fill the space. 

[0053] As thus described, the FETs 66 and the diodes 68 are directly joined to the 
metallic substrate 72 that is fixed to the protective casing 120 without any specific heat 
radiator. Many parts, elements and members can be omitted, and the casing 120 can be 
extremely compact. Since the motor controller 50 is completely enclosed in the synthetic 
resin 130 and is firmly coupled with the casing 120 by the resin 130, condensation, dust 
and vibration cannot harm the motor controller 50. 

[0054] As shown in FIGURE 14, the structure of the semiconductor device 52 will 
now be described in greater detail below. 

[0055] The metallic substrate 72 preferably comprises a base metal 140 coated with a 
dielectric or insulating layer 142. Preferably the base metal 140 comprises aluminum, 
which has a coefficient of linear expansion of approximately 23 ppm/°K. Patterns of 
metallic lands 144 are printed on the insulating layer 142. The lands 144 preferably 
comprise copper, which has a coefficient of linear expansion of approximately 16-17 
ppm/°K. As used in this description, the terms "aluminum," and "copper" include 
aluminum alloy and copper alloy, respectively. The semiconductor chips 66, which are 
FETs in the illustrated embodiment, are directly soldered onto the lands 144 by solder 
146 without any intervening substances such as the conventional heat spreaders. Patterns 
of the wire bonding pads 76 also are printed on the insulating layer 142 and are connected 
to the respective semiconductor chips 66 through the bonding wires 78. After completion 
of the soldering and bonding processes, the synthetic resin 80 covers the lands 144, the 
semiconductor chips 66, the solder layer 146, the bonding pads 76 and the bonding wires 



78. In other words, the synthetic resin 80 completely encloses all the elements on the 
substrate 72 therein. 

[0056] It has been found in experiments that cracks of the solder layer 146 or the 
FETs 66 (i.e., the semiconductor chips) and peeling of the FETs 66 from the solder layer 
146 are effectively prevented without the conventional heat spreaders if the synthetic 
resin 80 at leasti meets the following condition. Preferably, the synthetic resin 80 is 
epoxide that has ja coefficient of linear expansion generally less than 23 ppm/°K. The 
resin under this condition effectively relieves the thermal stress affected to the solder 
layer 146. Other synthetic resins may be used instead of the epoxide, but the resin should 
have a coefficient of linear expansion less than the coefficient of linear expansion of the 

lands 144 or the coefficient of linear expansion of the semiconductor chip (i.e., the FET 

■i 

66) in order to produce the beneficial effect described above. In other words, the 

coefficient of linear expansion of the resin is generally less than one of the coefficient of 

i 

linear expansion of the substrate 72 and the coefficient of linear expansion of the lands 
144, and the coefficient of linear expansion of the resin is generally greater than the other 
one of the coefficient of linear expansion of the substrate 72 and the coefficient of linear 
expansion of the [lands 144. Adjustment of the proportions of the components of the 

synthetic resin can produce the desired coefficient of linear expansion. No side walls are 

I ... 
necessary if the epoxide is applied because the epoxide has sufficient viscosity. Matenals 

other than aluminum or copper can be used for the substrate or the lands inasmuch as the 



iminuir 
foregoing condition is met. 
[0057] Various methods such as, for example, a reflow soldering method or a die 
bonding method can be used to produce the semiconductor device 52. In the reflow 
soldering method, cream solder or half-solid solder is applied on all the lands 144 
simultaneously. Then, the semiconductor chips 66 are placed on the respective lands 144 
by, for example, a chip mounter. The substrate 72 with the semiconductor chips 66 
placed on the lands 144 by the cream solder is put into a reflow furnace. The furnace 
generates a hot blast therein that reflows and then hardens the solder to firmly fix the 
semiconductor chips 66 onto the lands 144. The wire bonding pads 76 can be printed on 
the substrate 72 at the same time as the lands 144 are printed or later in another process. 
In either case, the wires 78 are bonded between the semiconductor chips 66 and the wire 
bonding pads 76 afterwards. Finally, the synthetic resin 80, which is the epoxide that has 
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the selected coefficient of linear expansion, is injected by a resin dispenser onto the 
substrate 72 on which the semiconductor chips 66 are joined. In the die bonding method, 
the semiconductor chips 66 are placed and soldered onto the lands 144 one by one. A 
wire bonding process follows each placing and soldering process and thus is done also 
one by one. Other processes are substantially the same as the processes in the reflow 
soldering method. 

[0058] As thus described, no heat spreaders are necessary. Also, the solder layer can 
have a thickness that does not cause any cracks. The semiconductor device thus has 
sufficient packaging density to make the device compact enough. In addition, at least the 
soldering process of the heat spreader can be omitted. Thus, production cost of the 
semiconductor device can greatly be saved. 

[0059] As shown in FIGURES 15-19, a number of preferred patterns of the lands 144 
can be used to accurately position the semiconductor chips 66 thereon, as described 
below. 

[0060] The semiconductor chips 66 are accurately positioned on the lands 144 so that 
the substrate 72 can be compact enough. The illustrated patterns in FIGURES 15-19 are 
applied in a soldering manner as part of the foregoing reflow soldering method. A 
conventional reflow soldering method typically needs several mounting tools to position 
the semiconductor chips on the lands. However, the method using the patterns does not 
require such a tool and thus is quite simple and cost saving. The patterns are specifically 
suitable for semiconductor chips which have rectangular or square shapes. 
[0061] FIGURE 15 illustrates a preferred pattern of the land 144 that has four 
positioning or alignment comers 150 on lines 152, which include diagonal lines of the 
semiconductor chip (i.e., FET 66) in this embodiment. As shown in FIGURE 19, the land 
144 is formed on the substrate 72. The solder layer 146, which is cream solder or half- 
solid solder as noted above, is applied on the land 144 so that the solder 146 exactly 
spreads over the area of the land 144. The semiconductor chip 66 is placed on the solder 
layer 146. In the illustrated arrangement, four comers or peaked portions of the 
semiconductor chip 66 are confined or trapped in the respective positioning comers 150 
of the land pattern. That is, the comers 150 of the land 144 are disposed in close 
proximity to the comers of the semiconductor chip 66. The closer the positioning comers 
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150 of the land 144 are to the corners of the semiconductor chip 66, the more accurately 
the semiconductor chip 66 is positioned. 

[0062] The land pattern also has four extended areas 154 along four sides of the 
semiconductor chip 66. In other words, the positioning corners 150 are the closest 
portions of the land 144 to the corners of the semiconductor chip 66. Further, the entire 
area of the land 144 is larger than the entire area of the semiconductor chip 66, and the 
area of the land 144 generally shrinks toward the corners of the semiconductor chip 66. 
Each extended area 154 in this pattern generally has a square configuration. 
[0063] The extended areas 154 are useful to expand the entire area of the solder layer 
146 that abuts on the land 144 and to allow bubbles in paste of the solder 146 to escape. 
The paste is employed to easily join the solder 146 with the land 144 and with the 
semiconductor chip 66; however, the paste may contain flux. Because the solder 146 is 
heated in the aforenoted reflow furnace, the flux can grow to bubbles and can make voids 
between the semiconductor chip 66 and the land 144. The extended areas 154 aid the 
bubbles to rapidly escape from the in-between areas. Because of the extended areas 154, 
substantially no voids can be made, and the land 144, the solder 146 and the 
semiconductor chip 66 can strictly join with each other. This has been verified 
experimentally. The wider the extended areas 154, the easier the bubbles escape 
inasmuch as the areas 154 do not affect the compact nature of the semiconductor device 
52. 

[0064] FIGURE 16 illustrates a modified pattern of the land 144. Two positioning 
corners 150 are made on a line 152 including one of the diagonal lines of the 
semiconductor chip 66 in this arrangement. This arrangement can also confine at least 
two of the corners of the semiconductor chip 66 and is sufficient to accurately position 
the semiconductor chip 66 on the land 144. Because the rest of the corners of the land 
144 do not form the positioning areas, the extended areas 154 can extend wider than the 
pattern of FIGURE 15 and thus bubbles in the paste can escape easier than the pattern of 
FIGURE 15. 

[0065] The extended areas 154 can take any configurations. For example, FIGURE 
17 illustrates another modified pattern of the land 144. The pattern in this arrangement 
has four positioning corners 150 similar to the pattern shown in FIGURE 15 but has 
round or arc shaped extended areas 154. 
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[0066] FIGURE 18 illustrates a further modified pattern of the land 144. This pattern 
has two positioning corners 150 similar to the pattern shown in FIGURE 16 but has a 
round shape or generally circular shape. 

[0067] Any configuration of the semiconductor chip 66 can be used with the 
positioning corners 150 of the land 144 inasmuch as the configuration has at least one 
diagonal line. That is, the configurations can include, for example, any rectangular and 
square shapes. The positioning corners 150 of the land 144 are particularly effective with 
such semiconductor chips 66 that have at least a side whose length is longer than 
approximately 2.5 millimeters. If the semiconductor chip has a rectangular shape, at least 
a length of a shorter side thereof is longer than approximately 2.5 millimeters. This is 
because the size of a larger size of the semiconductor chip 66 normally needs a margin of 
the land 144 that can exceed an allowable range in which the semiconductor chip 66 can 
be offset from a preset position. If a large offset from the preset position would occur, 
wires which are bonded to the wire bonding pads in a following wire bonding process 
could deviate from normal positions. However, the positioning corners 150 configured in 
accordance with the present invention can precisely confine the corners of the 
semiconductor chip 66 in a preset normal position. 

[0068] The sufficient extended areas 154 of the land 144 are particularly effective 
with a power control semiconductor chip 66 because creation of voids can be extremely 
reduced. If a plurality of voids are created in the solder or the junction thereof with the 
semiconductor chip 66, resistance can greatly increase. Since a relatively large current 
flows through the power controlling semiconductor chip, the increase of the resistance 
can be greater and much power loss can occur. To the contrary, however, because of the 
extreme reduction of the voids in this arrangement, such a drawback cannot occur even 
with the power controlling semiconductor chip 66. 

[0069] FIGURE 20 illustrates steps of an exemplified reflow soldering method in 
which the land patterns of FIGURES 15-19 can be applied. Electronic parts other than 
the semiconductor chips 66 are joined to the substrate 72 in this exemplified method. At 
a step SI 1, a chip mounter and a part mounter or a unified chip and part mounter mounts 
the semiconductor chips 66 and the parts onto each predetermined location on the 
substrate 72. The cream solder 146 is previously applied on the respective lands 144. 
Then, the substrate 72 is put into the reflow furnace at a step S12 to harden the cream 
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solder 146 by the hot blast. Because of the positioning corners 150 of the land patterns, 
no tool is necessary to keep the semiconductor chips 66 at the accurate positions in this 
improved manner. 

[0070] The semiconductor chips 66 can of course be joined to the lands 144 in other 
methods. For instance, FIGURE 21 illustrates another method using the reflow furnace 
and die bonders. At a step S21, a part mounter mounts parts onto each predetermined 
location on the substrate 72. The cream solder 146 is previously applied at the respective 
portions of the parts which are soldered. The substrate 72 is put into the reflow furnace at 
a step S22 to fix the parts at the locations. At a next step S23, a die bonder A is used to 
join a first type of semiconductor chip or chips A to the substrate 72. The die bonder A 
bonds or joins only the first type of the semiconductor chips A. At a step S24, another die 
bonder B joins a second type of semiconductor chip or chips B to the substrate 72. In the 
same manner, at a step S25, a further die bonder C bonds a third type of semiconductor 
chip or chips C to the substrate 72. As such, further die bonders are used to join further 
types of semiconductor chips to the substrate 72 in due order. This method requires 
multiple die bonders corresponding to the respective types of semiconductor chips. 
However, the semiconductor chips can be mounted precisely onto the desired positions 
without any mounting tool. 

[0071] FIGURES 22-26 illustrate a further method using the reflow furnace and a 
mounting tool. As shown in FIGURE 22, at a step S31, the part mounter mounts parts 

160 onto each predetermined location on the substrate 72 as shown in FIGURES 23-25. 

\ 

The cream solder 146 is previously applied at the respective portions of the parts which 

\ 

are soldered. At a next step S32, a mounting tool 162 is set for positioning the 
semiconductor chips 66 at predetermined locations. The tool 162 has windows 164 
through which the semiconductor chips 66 can be mounted. The chip mounter, at the step 
S32, mounts the semiconductor chips 66 onto the cream solder 146 applied on the lands 
144 through the windows 164. Weights 166 are placed on the respective semiconductor 
chips 66. At a step S34, the substrate 72 with the semiconductor chips 66 and the parts 
160 are put in the reflow furnaceXto fix to the substrate 72 by the hot blast. In this step 
S34, the tool 162 advantageously prevents the semiconductor chips 66 from slipping off 
the preset positions. The weights also^are useful to prevent voids from being generated in 

-14- 




the solder 146 or to expedite the bubbles to escape from the solder 146 in the step S34. 
At a last stepb35, the tool 162 and the weights 166 are detached. 

[0072] FIGURE 26 illustrates a complete semiconductor device 52. Although the 
tool 162 and theWeights 166 are necessary in this method, the entire semiconductor chips 
66 and the electronic parts 160 can be simultaneously affixed to the substrate 72. 
[0073] The foregoing description is that of preferred constructions and methods 
having certain features, aspects and advantages in accordance with the present invention. 
Various changes and modifications may be made to the above-described arrangements 
without departing from the spirit and scope of the invention, as defined by the appended 
claims. 
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WHAT IS CLAIMED IS: 

1. A semiconductor device comprising a substrate, a land formed on the 
substrate, a semiconductor chip mounted on the land, a solder layer only through which 
the semiconductor chfp is joined with the land, and a synthetic resin covering the land, the 
solder layer and the sen^conductor chip on the substrate. 

2. The semiconductor device as set forth in Claim 1, wherein a coefficient of 
expansion of the synthetic resin is generally less than a coefficient of expansion of the 
substrate or a ^efficient of expansion of the land. 

3. The semiconductor device as set forth in Claim 1, wherein the substrate 
comprises aluminum. \^ 

4. Tne semiconductor device as set forth in Claim 3, wherein a coefficient of 
expansion of the synthetic resin is generally less than a coefficient of expansion of 
aluminum. ^ 

5. The sjmiconductor device as set forth in Claim 4, wherein the coefficient of 
the linear expansion of the synthetic resin is generally less than approximately 23 
ppm/°K. 

6. Th\ semiconductor device as set forth in Claim 3, wherein the land comprises 
copper. 

7. The semiconductor device as set forth in Claim 3, wherein the synthetic resin 
includes epoxide. 

8. The semiconductor as set forth in Claim 1, wherein a coefficient of expansion 

\ 

of the synthetic resin is generally less than one of a coefficient of expansion of the 
substrate and a coefficient of expansion of the land, and is generally greater than the other 
one of the coefficient oi\expansion of the substrate and the coefficient of expansion of the 
land. 
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9. The semiconductor as set forthJ,in Claim 8, wherein the coefficient of 
expansion of the synthetic resin is less than ttie coefficient of expansion of the substrate 
and is greater than the coefficient of expansion of the land. 



10. The semiconductor as set forfh in Claim 8, wherein the coefficient of 
expansion of the synthetic resin is less than the coefficient of expansion of the land and is 
greater than the coefficient of expansion o^ the substrate. 

11. The semiconductor as set forjih in Claim 8, wherein the substrate comprises 
aluminum. 1 

12. The semiconductor device as set forth in Claim 11, wherein the coefficient of 

the expansion of the synthetic resin is generally less than a coefficient of expansion of 

i 

aluminum. j 

\ 

13. The semiconductor device as set forth in Claim 1, wherein the semiconductor 

f 

chip defines at least two corners positioned generally opposite to each other, the land 
defines at least two corners in proximity to the corners of the semiconductor chip, and the 
comers of the land generally confine the corners of the semiconductor chip therein. 

! 

! 

i 

14. The semiconductor device as set forth in Claim 1, wherein the semiconductor 
chip controls electric power. \ 

15. The semiconductor device^ as set forth in Claim 14, wherein the semiconductor 

j 

chip controls power of an electric mqtor arranged to drive an electric vehicle. 

I 
I 

16. A semiconductor device comprising a substrate, a land formed on the 
substrate, a semiconductor chip mounted on the land, a solder layer joining the 
semiconductor chip with the land, the semiconductor chip defining at least two corners 
positioned generally opposite to each other, the land defining at least two corners 
disposed in proximity to the cornels of the semiconductor chip, the corners of the land 
generally confining the corners of tne semiconductor chip therein. 



17. The semiconductor 
land are the closest portions to the 



devibe as set forth in Claim 16, wherein the corners of the 
corners of the semiconductor chip. 
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18. The semiconductor device as set forth in Claim 16, wherein the semiconductor 

i. 

chip is generally configured as a rectangular shape, and the corners of the semiconductor 

chip are positioned on a diagonal line of the rectangular shape. 

I 

19. The semiconductor device as set forth in Claim 18, wherein the semiconductor 
chip defines four corners, and the land defines four corners corresponding to the corners 



of the semiconductor chip. 



20. The semiconductpr device as set forth in Claim 18, wherein at least a length of 
a shorter side of the rectangular shape is longer than approximately 2.5 millimeters. 

21. The semiconductor device as set forth in Claim 16, wherein the land is 
generally configured as a rectangular shape except for the corners. 

22. The semiconductor! device as set forth in Claim 16, wherein the land is 

generally configured as a round shape except for the corners. 

i 

■\ 

23. The semiconductor as set forth in Claim 16, wherein an area of the land is 

j 

larger than an area of the semiconductor chip, and the area of the land generally shrinks 

toward the corners of the semiconductor chip. 

\ 

\ 

24. The semiconductor as set forth in Claim 16, wherein an area of the land is 
larger than an area of the semiconductor chip, and the area of the land generally expands 
from the corners of the semiconductor chip. 



25. The semiconductor device as set forth in Claim 16, wherein the semiconductor 

\ 

chip controls electric power. j 

i 

26. The semiconductor device as set forth in Claim 16, wherein the semiconductor 

\ 

chip is joined with the land in a reflow soldering method. 

\ 

27. A method for joining a semiconductor chip to a substrate comprising forming 
a land on the substrate, soldering thd semiconductor chip directly to the land, and 
covering the land and the semiconductor qhip with a synthetic resin. 
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28. The method as set forth in (Claim 27, wherein a coefficient of expansion of the 
synthetic resin is set generally less than* a coefficient of expansion of the substrate or a 
coefficient of expansion of a land. 

29. The method as set forth in Claim 27, wherein a coefficient of expansion of the 

% 

synthetic resin is set generally less than onelof a coefficient of expansion of the substrate 

1 



or a coefficient of expansion of the land and 



is generally greater than the other one of the 



coefficient of expansion of the substrate or tl e coefficient of expansion of the land. 

30. The method as set forth in Claim|29, wherein the coefficient of expansion of 
the synthetic resin is less than the coefficient l pf expansion of the substrate and is greater 
than the coefficient of expansion of the land. 

31. The method as set forth in Claim 2% wherein the coefficient of expansion of 
the synthetic resin is less than the coefficient of Expansion of the land and is greater than 
the coefficient of expansion of the substrate. \ 

32. The method as set forth in Claim|27 additionally comprising forming 
positioning portions for the semiconductor chi|) on the land, and positioning the 
semiconductor chip at the positioning portions. 
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SEMICONDUCTOR DEVICE FOR POWER CONTROL 

Abstract of the Disclosure 

A semiconductor device for power control includes a substrate made of aluminum. 
Lands of copper are formed on the substrate. Semiconductor chips, such as FETs, are 
mounted on the lands. The semiconductor chips are joined with the lands only through 
solder layers. A synthetic resin, which includes epoxide, covers the lands, the solder 
layers and the semiconductor chips on the substrate. Preferably, a coefficient of 
expansion of the synthetic resin is generally less than a coefficient of expansion of the 
substrate or a coefficient of expansion of the lands. Each semiconductor chip defines at 
least two corners positioned generally opposite to each other. Each land defines at least 
two corners disposed in proximity to the corners of the semiconductor chip. The corners 
of the land generally confine the corners of the semiconductor chip therein. 

H:\DOCS\YAMAHA\FY 1 745 1 USOAPP.DOOas 
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ABSTRACT 

PURPOSE: To provide the electronic component for surface mounting which is 
high in yield and reducible in size, superior in durability, operability, 
productivity, heat resistance, and reliability, and securely mounted on 
electronic equipment, etc., and facilitates the soldering of a terminal, 
has the high mechanical strength of the terminal to an external force, and 
absorbs an external shock, etc. 

CONSTITUTION: The electronic component for surface mounting is equipped 
with a substrate 1 as its main body, a land 2 formed on the substrate 
1, the terminal 7 as the signal input /output part of the electronic 
component for surface mounting joined with the land 2, and solder 8 for 
fixing the land 2 to the terminal 7; and a projection part is formed at 
at least one of the fixation- side tip part of the terminal and both side 
parts in the length direction and the solder 8 and/or the tip projection 
part 7a of the terminal 7 which projects from the solder 8 and its 
peripheral part are coated with a synthetic resin layer 9. 
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Abstract (Basic) : US 20020074651 Al 

NOVELTY - Semiconductor chips (66) are joined with copper lands 
(144) formed on an aluminum substrate (72) through a soldering layer 
(146) . An epoxide synthetic resin (80) , which covers the land , 
solder layer and the semiconductor chip, has coefficient of expansion 
less than that of the substrate or the land . 

DETAILED DESCRIPTION - An INDEPENDENT CLAIM is included for joining 
semiconductor chip to substrate . 

USE - Semiconductor device for use in motor controller of 
electrically operated vehicle such as electric golf cart. 

ADVANTAGE - The device has high packaging capacity so making it 
highly compact. The device has high accuracy of positioning of 
semiconductor chips without requiring expensive heat spreaders. 

DESCRIPTION OF DRAWING (S) - The figure shows the schematic front 
view of the semiconductor device. 

Semiconductor chip (66) 

Aluminum substrate (72) 
Epoxide synthetic resin (80) 

Copper land (144) 

Soldering layer (146) 
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Abstract (Basic) : JP 2002343935 A 

NOVELTY - A chip component (4) is soldered (8) to the lands (5) 
of a copper circuit (3) formed on metal substrate through an electric 
insulation layer. A high thermal conductance electric insulation 
material is pinched in the intermediate position of the gap between the 
opposing lands . 

USE - For electric power control . 

ADVANTAGE - The temperature of the chip component is restrained low 
by the high thermal conductance heat insulation material, thereby 
improving durability and reliability of the semiconductor module. 

DESCRIPTION OF DRAWING (S) - The figure shows a sectional view of 
the semiconductor module . 
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ABSTRACT 

PROBLEM TO BE SOLVED: To provide a semiconductor element housing package 
and a mounting structure therefor, which are capable of maintaining rigid 
and stable connection with an external circuit board over a long period of 
time and forming lands at a high density. 

SOLUTION: A semiconductor element housing package A includes a metallized 
wiring layer 2 for electrical connection with a semiconductor element 4 
formed on the surface of a ceramic insulating substrate 1, and metallized 



lands 3. For mounting the package A on an external circuit board B, the 
coefficient of thermal expansion of the substrate 1 of the package A 
is set to 8-18 ppm/°C or less, a difference between its coefficient 
of thermal expansion and that of the element 4 is set to 12 ppm/°C 
or less, the Young's modulus is set to 50-150 GPa, and the difference 
between the coefficient of thermal expansion of the substrate 1 and 
that of an insulator 11 of the board B is set to 10 ppm/°C or less. As 
a result, superior connection reliability can be obtained, with the lands 
3 being arranged at an interval x of 0.8 mm or less and a layer of 
conductors 10 interposed between the lands 3 and lands 12 of the board 
B having a thickness Y of 0.3 mm or less. 
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ABSTRACT 

PURPOSE: To prevent a capacitor from being broken by a difference of 
thermal expansion coefficient by mounting a ceramic capacitor on an 
aluminum substrate or a printed wiring board through a flexible board. 

CONSTITUTION: Solder print treatment is first performed for an electrode 
land part 4 of a flexible board 2. After an electrode part 10 of a 
ceramic capacitor 3 is mounted on the electrode land part 4 which is 
correspondingly provided to stride over an opening part 5 provided to a 
flexible board 2, soldering treatment is performed. After solder print 
treatment is performed for a required part of a copper foil pattern part 7 
of an aluminum substrate or a printed board 1 and a connection land 9 
of the flexible board 2 whereon the ceramic capacitor 3 is mounted is 
mounted on the copper foil pattern part 7, soldering treatment is carried 
out. Thereby, difference of thermal expansion coefficient between the 
ceramic capacitor 3 and the aluminum substrate or the printed wiring 
board 1 is absorbed by the flexible board 2. 
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Surface mounting type semiconductor light emitting device for liquid 
crystal display panel, has epoxy resin provided on front and rear sides 
of substrate for resin sealing of luminescent element 
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Abstract (Basic) : JP 2001135860 A 

NOVELTY - The device includes a pair of electrodes (2,3) formed on 
the substrate (1) . A luminescent element (4) mounted on land (2a) 
of electrode (2) is connected to electrode (3) by a wire (5) . The resin 
sealing of luminescent element is performed by using an epoxy resin 
that is provided on both front and rear sides of the substrate . 

DETAILED DESCRIPTION - An INDEPENDENT CLAIM is also included for 
semiconductor light emitting device manufacturing method. 

USE - For liquid crystal display panel for portable telephone. 

ADVANTAGE - Since the epoxy resin is formed on both front and rear 
sides of the substrate , the peeling-off of resin from the substrate 
due to the different in thermal expansion coefficient by heating, 
is prevented and the substrate supports the luminescent element 
stably. 

DESCRIPTION OF DRAWING (S) - The figure shows front view of 
semiconductor light emitting device. 
Substrate (1) 
Electrodes (2,3) 0 

Land (2a) 
Luminescent element (4) 
Wire (5) 
pp; 6 DwgNo 2/9 
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Power semiconductor module for electric power control , has high 
thermal conductance electric insulation material pinched in intermediate 
position of gap between adjacent lands to which chip component is 
soldered 

Abstract (Basic) : 

A chip component (4) is soldered (8) to the lands (5) of a 

copper circuit (3) formed on metal substrate through an electric 

insulation layer. A high thermal conductance electric insulation 

material is pinched in the intermediate position of the gap between the 
opposing lands . 

For electric power control . 
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